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ABSTRACT 


This  paper  lnyeati gated  the  extent  to  whioh  ohangos 
In  flaah  frequonoy  would  ohange  the  effeotiveneaa 
of  a  warning  light  in  olioiting  a  reaoticn,  Ton 
■ubjoota  wort  roquirod  to  judge  whioh  flaahing 
light  thoy  would  turn  off  fir at*  It  waa  found  that 
tho  offootironoao  of  tho  warding  light  inoreaodd  ' 
al'a  direot  flunoticn  of  tho  flaah  rato,  roaohing 
maximal  offeotivonoaa  at  approximately  10  opa* 
Further  inoroaaoa  in  frequonoy  produood  a  dooroaao 
in  effeotiveneaa.  There  ia  acme  evidenoo  to  lndi- 
oate  that  effeotivonoaB,  apparent  fluctuation** 
and  diaagreeableneaa  all  very  in  the  aame  way  a a 
a  funotion  of  flaah  rate. 
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iFPIQTIVIMISfl  OF  WARNING  LIGHTS 
A  8  A  FU MOTION  Or  FLASH  RATI 


In  m*«y  practical  situations,  warning  light*  ar#  ua*d  to  indicate  the  pr*a*no« 
of  a  malfunction  of  equipment.  Often  there  ar*  several  naming  lights  on  a 
given  diaplay  with  different  lighta  appearing  for  different  malfunctions. 

Sinoe  acme  walfunotio»ia  ar*  more  oruoial  than  others,  it  ia  deeirabl*  to  oonvey 
thia  information  to  the  operator  ao  that  thee*  oan  be  ocarreoted  firat.  One 
obvioua  solution  is  to  label  or  oode  the  lighta.  In  addition  to  this.  it  would 
be  highly  desirable  to  use  acme  stimulus  oharaoteristioa  of  bn*  lights  them- 
aelvea  to  produce  "raapona*  demand11.  The  present  study  iia  oonoerned  with  the 
effeot  of  different  flash  rates  in  elioiting  auoh  response  demand. 


PR001DURB 


Ideally,  the  subJ#ot  might  be  presented  with  two  or  more  flaehing  light*  and 
required  to  do  something  to  turn  off  one  of  the  lighta  before  the  others.  This 
situation  would  be  fairly  comparable  to  that  of  an  operator  who  must  repair  the 
fault  aasooiated  with  on*  warning  light  ai  opposed  to  a  fault  aaaooiated  with 
another  light.  Du*  to  ourrent  apparatus  limitation*,  however,  in  the  present 
study  the  subjects  were  simply  asked  "whio'n  warning  light  would  you  turn  off 
flratt" 

Ten  male  volunteer  subjects  were  uaed  slgnly  in  aesalona  of  approximately 
20  minutes  duration.  Eaoh  subject  aat  about  2  feet  from  two  Strobotaos*  in  a 
moderately  illuminated  room.  The  Strobotaos  were  12  inohee  apart  and  trans¬ 
mitted  light  to  the  aubjeot's  view  through  a  8/4  inoh  diameter  aperture. 

These  apertures  were  oovered  with  a  thin  velum  paper  to  diffua*  the  light. 

During  eaoh  stimulus  presentation,  both  Strobotaos  flashed  simultaneously, 
eaoh  at. its  own  rate.  The  duration  of  eaoh  flash  was  oonstant  at  approximately 
1  x  10~°  aeoomda.  Ten  different  flash  rates  from  1  to  SO  ops  were  given  in  a 
oequono*  whioh  was  balanoed  for  position  effeot*.  Forty-five  presentations 
were  given  to  eaoh  subjeot  via  the  method  of  paired  oamparisona.  Unlimited 
timo  was  allowed  for  a  ohois*  and  about  five  seconds  elapsed  between  presenta¬ 
tions. 


*  Manur»otur*d  by  the  Goneral  Radio  Corporation,  Model  ^631-BL 


RESULTS  AND  DISCUSSION 


The  results  art  presented  in  Flours  1,  Tha  average  paroant  prafaranoa  for  the 
tan  aubjaota  la  plottad  against  tha  flaih  fraquanoy  of  tha  naming  light.  Up 
to  tan  opa,  an  inoraaaa  of  flaah  rata  results  in  an  inoraaaa  in  prafaranoa.  At 
10  opa,  maximisn  prafaranoa  ii  shown.  Further  inoraaaoa  in  flaah  rata  produoa 
deoraaaoa  in  prafaranoa,  Sinoa  tha  prafaranoa  figuraa  for  BO  and  00  opa  ara 
identical,  it  would  seam  that  furthar  inoraaaaa  in  fraquanoy  would  produoa  littla 
or  no  affaot.  At  tha  lower  flaah  ratal,  however,  it  ia  quita  poaaibla  that  da- 
oraaaaa  in  fraquanoy  balow  1  opa  would  furthar  daoraaia  tha  prafarability  of 
tha  aignala, 

Tha  data  for  ona  subjeot  differed  appreoiably  from  tha  averaged  data  aaan 
in  Figura  1,  This  atypical  aubjaot  ooniistently  praferred  tha  lowar  flaah 
rataa,  and  tharafora,  ahowad  a  maximum  prafaranoa  at  tha  lowaat  re  tea  uaad, 

Tha  data  for  tha  othar  nine  aubjaota  oloaely  reaambla  aaoh  othar  aa  to  tha  form 
of  tha  curve,  but  there  ia  aoma  variation  aa  to  whan  tha  our re  raaohan  a  max¬ 
imum  (0-18  opa). 

The  subjective  appearance  of  tha  lights  aeems  to  be  related  to  their  meas¬ 
ured  effeotiveneaa.  At  tha  lowar  rataa,  tha  lights  appear  aimply  aa  an  alter¬ 
nation  of  light  and  dark  in  tha  visual  field.  This  alternation  has  bean  oallad 
HflaokerliohtN  (2),  With  furthar  inoraaaaa  in  flaah  rata  above  8  opa,  the  vis¬ 
ual  field  appaara  aa  alternations  of  light  and  lighter  rather  than  light  and 
dark.  This  latter  type  cf  alternation  haa  bean  oallad  nflimmerliohtN  (2), 

It  ia  in  this  region  of  transition,  8-12  ops, . that  maximum  effectiveness  oo- 
oura.  Additional  Inoraaaaa  in  rate  reduces  apparent  fluctuations  until  appar¬ 
ent  fusion  la  reaohed  at  approximately  80  opa*  It  appears  than  that  effec¬ 
tiveness  of  tha  warning  lights  ia  assoolated  with  tha  fraquanoy  with  whloh  tha 
lights  appear  to  fluotuata, 

Struf^iold  (2)  has  investigated  tha  aubjeotive  reactions  to  Intermittent 
light  stimulation  using  a  thrse  point  aoalti  tolerable,  disagreeable  and  vary 
disagreeable.  His  raaulta  indioate  that  a  fraquanoy  of  1  opa  was  tolsrable 
while  2  ops  was  unpleasant,  Frequenolei  of  8  to  8  ops  fall  within  tha  vary 
unpleasant  range,  Tha  intensity  of  the  flioktrlng  light  was  about  200  lux 
measured  at  tha  aye.  In  tha  present  study  where  tha  intensity  of  light  was 
approximately  1  ft,  oandls,  measursd  at  ths  sourot,  only  two  subjaots  report¬ 
ed  tha  fllokering  lights  to  bs  disagreeable, 

Reoently  Qerathewohl  (l)  has  reported  that  reaotian  time  deoreases  with 
inoreasea  in  fraquanoy  for  fairly  slow  flash  rates  up  to  3  ops.  No  rslation- 
shlp  between  reaotion  time  and  higher  flash  rates  wars  reported.  The  findings 
of  Strughold  (2)  and  ths  results  of  ths  present  study  appear  to  be  consistent 
with  ths  work  of  Gerafahewohl, 

Flioktrlng  light  haa  alao  bean  ussd  olinioaily  to  produoa  photo-shook, 
i,e,,  to  produoa  abnormal  rhythms  in  tha  eleotroenoephalogram  aa  a  diagnostic 
aid  for  splleptlos  (s)«  In  addition  to  photo-ahook,  intermittent  stimulation 
with  a  high  intensity  light  has  bean  found  to  produoa  nausea,  diaslneaa, 
fainting,  ato,  Whether  these  results  ara  a  function  of  either  fraquanoy  or 
intensity,  or  partioular  combinations  of  fraquanoy  and  intensity  would  be 
dlffioult  to  apeolfy  at  the  present. 

At  any  rate  it  would  appear  that  tha  results  of  tha  present  study  might 
be  interpreted  in  terms  of  ttie  disagreeable  nature  of  intermittent  stimulation 
at  partioular  fraquenoies.  However,  a  number  of  related  variables  must  be 
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Investigated  before  any  generalised  oonolusiona  oan  be  made*  These  variables 
inolude  intensity,  oolcr,  on-off  durations,  «to*  These  variables  will  be  in- 
vestii^wwd  i*.  fub^re  studies* 


SUMMARY  AND  CONCLUSIONS 


Tills  study  Investigated  the  extent  to  whioh  ohanges  in  flash  frequenoy -would 
change  the  effeotiveness  of  a  warning  light  in  elioltlng  a  reaotion*  Tan  aub- 
Jeots  wars  required  to  Judge  which  flashing  11  ^t  they  would  turn  off  first* 

It  nqs  found  that  the  effeotiveness  of  the  warning  light  increased  as  a  direct 
IvWotion  of  the  flash  rate,  reaohing  maximal  effeotiveness  as  approximately  10 
ops*  Further  inoreases  in  frequenoy  produoed  a  deorease  in  effeotiveness* 
There  is  sane  evldenoe  to  lndioate  that  effectiveness,  apparent  f luotuatlons, 
and  disagreeableness  all  vary  in  the  same  way  as  a  funotlcn  of  flash  rate* 
Further  study  of  suoh  variables  as  oontrast  ratio,  intensity,  ooler, 
eto*,  should  make  it  possible  to  determine  what  kind  of  warning  lights 
should  be  used  under  a  given  set  of  oonditlons* 
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